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(57) Abstract: It is possible to simultaneously 
identify the sound coming direction from a sound 
source in all directions and estimate the sound 
intensity of the sound source. A plurality of 
microphones (11) are arranged on the surface 
of a baffle (10) of a shape such as a sphere and 
polyhedron so that sound from all directions are 
acquired. A calculation device (40) calculates 
the amplitude characteristic and the phase 
characteristic of acoustic signals acquired by the 
microphones (11). The signal information and 
information on sound field analysis around the 
baffle are integrated and calculation to emphasize 
a sound coming from a particular direction is 
performed for all the directions so as to identify 
the sound coming direction from a sound source. 
According to these calculation results and the 
distance input by an input device (70), it is 
possible to estimate the sound intensity of the 
sound source at a plurality of portions generated 
at the sound source or boundary surface. 
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BACKGROUND OF THE INVENTION Z^M/o^ 

,-. , , DATE pfGNATURE " 

Field of the Invention: 

This invention relates to a sound-source-search system that searches 
for a sound source such as acoustic noise, and more particularly to a 
sound-source-search system in which a plural ity of microphones are arranged 
at locations on a spherical, semi-spher ical or polyhedral baffle surface 
and/or location separated from the surface, and processes the electrical 
signals from the sounds obtained from each of the microphones, and estimates 
the direction from which the sound comes and intensity of the sound source 
from a 1 1 di recti ons. 

In an electric generation plant, chemical plant, factory having an 
assembly line, or the like, acoustical noise that is generated from var ious 
equipment and machinery such as motors, pumps, fans, transformers, etc., 
are combined and reach bordering areas or nearby homes. Also, inside 
transportation means such as automobiles, trains, airplanes, acoustical 
noises that are generated by the various components such as engines, gears, 
fans, and the like are combined and inhibit silence inside. Moreover, in 
normal housing areas such as apartments, and the like, silence inside is 
i nh i b i ted by var i ous no i ses. I n order to so I ve the prob I ems posed by these 
acoustical noises, it is necessary to accurately know the direction from 
which the sound is coming, and the intensity of the sound source. 

Conventional ly, a sound source was searched for by placing a plural ity 
of microphones over a wide area, recording the acoustical signals obtained 
by way of those microphones by a recording device such as a tape recorder 
and processing each of the recorded acoustical signals. However, in this 
kind of method of searching for a sound source, not only was it necessary 
to set up a p I ur a I i ty of m i crophones over a w i de area, i t was a I so necessary 
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to wire each of the microphones to a recording device, so the set up work 
was very complicated. 

(Pg. 2) 

Also, as a different sound-source-search method is the sound- 
source-search apparatus disclosed, for example, in Japanese Patent 
Publication No. H06-1 13387. This is an apparatus that faces a parabolic 
reflector in the direction from which the sound is coming and records the 
acoust i c s i gna I to make i t poss i b I e to v i sua I i ze the sound source. However , 
the disadvantage of this method is that the estimated sound source is 
limited to the direction in which the parabolic reflector is faced. In 
other words, the recording direction is I imited by the location and angle 
at which the microphone is located, so it is impossible to search for sound 
sources in all directions at the same time. 

In order to solve this problem, in Japanese Patent Publication No. 
2003-111183 a sound-source-search system is proposed in which a first to 
fourth microphone are arranged on a rotating frame that is installed on 
a base to form a detection unit with an or i gin point located in the center 
of a square XY plane, and a fifth microphone is placed above the center 
of the square formed by the first to fourth microphones such that the 
distances between the first to fourth microphones and fifth microphone are 
the same, and the direction from which the sound is coming is estimated 
from the difference in arrival time of output signals from each microphone. 

However, in Japanese Patent Publication No. 2003-111183 described 
above, the first to fifth microphone are located on a rotating frame, and 
as can be ana I og i zed from the s i mp I i f i ed i nsta 1 1 at i on work and a 
single-mounted camera, since it is necessary to rotate the rotating frame 
in order to search for a sound source in a I I directions, it is impossible 
to identify the direction from which the sound is coming and estimate the 
intensity of the sound source in al I directions at the same time. Moreover, 
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s i nee the m i cr ophones, earner a and accompany i ng cab I es are I ocated i n a naked 
state in the space through which the sound propagates, the system is 
vulnerable to the sound reflected from the microphones, camera and cables 
themselves, which has a large effect on the results of the search for the 
sound source. 

(Pg. 3) 

Taking into consideration the problems described above, the object 
of this invention is to provide a sound-source-search system that is not 
limited to a small space and is capable of identifying the direction from 
which sound iscoming and the intensity of the sound source in al I di rections 
at the same time. 



SUMMARY OF THE INVENTION 

The sound-source search system according to the first claim of the 
invention comprises: a spherical, semi-spher ical or polyhedral baffle; a 
plurality of microphones that are arranged on the surface of the baffle 
for p i ck i ng up sound i n a 1 1 d i r ect i ons ; an amp that amp I i f i es ana I og s i gna I s. 
which are electrical signals for the sounds in all directions that were 
picked up by the plural ity of microphones; an A/D converter that converts 
the analog signals the were amplified by the amp to digital signals; an 
arithmetic-processing apparatus that performs arithmetic processing on the 
digital signals that were converted by the A/D converter, and analyzes the 
direction from which the sound from the sound source comes, and/or estimates 
the intensity of the sound from the sound source; a memory apparatus for 
storing the arithmetic-processing results from the arithmetic-processing 
apparatus; a display apparatus that displays the intensity distribution 
of the sound from the sound source based on the arithmetic-processing 
results from the arithmetic-processing apparatus; and an input apparatus 
for entering the distance to the sound source, or sound sources generated 
at a plurality of sites on boundary surfaces; and wherein the 
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arithmetic-processing apparatus, by arithmetic processing, finds the 
amplitude characteristics and phase characteristics of the acoustic 
signals picked up by the plural ity of microphones, after which it combines 
that signal information with analysis information for the sound field 
around the baffle, and together with performing arithmetic processing to 
emphasize the sound coming from a specific direction for all directions, 
and identifying the direction from which the sound comes, it estimates the 
intensity of the sound from the sound source or sound source (s) generated 
at one or more sites on boundary surfaces based on the ar ithmetic-processing 
results and di stance (s) input from the input apparatus. 



(Pg. 4) 

Also, it is possible for the system to be such that there are one or 
more directive or non-directive sound-source elements that generate sound 
waves arranged on the surface of the baffle; and where the arithmetic- 
processing apparatus, by arithmetic processing, finds the amplitude 
characteristics and phase characteristics of each of the reflected sounds 
that are picked up by the plural ity of microphones, after which it combines 
that signal information with analysis information for the sound field 
around the baffle, and together with performing arithmetic processing to 
emphasize the sound coming from a specific direction for all directions, 
and identifying the direction from which the reflected sound comes, 
automatically measures the distance from the baffle to the sound source 
or sound source(s) generated at one or more sites on boundary surfaces by 
using the time difference from when the test sound was generated to when 
the reflected sound was picked up; and uses that value as information for 
estimating the intensity of the sound from the sound source or sound 
source (s) generated at one or more sites on boundary surfaces, and/or 
estimating the intensity of the sound reflected from that area. 

It is also possible for the system to be such that one or more 
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light-receiving elements are arranged on the surface of the baffle such 
that their imaging ranges overlap; and where the arithmetic-processing 
apparatus takes in the images from said one or more I ight-recei ving elements 
that corresponds to the direction from which a specific sound comes, and 
combines and displays the image of the direction from which the sound comes 
and/or intensity of the sound found through arithmetic processing with that 
image or the result of image processing based on that image. 

It is also possible for the system to be such that one or more I ight 
sources are arranged on the surface of the baffle; and where the 
arithmetic-processing apparatus automatically measures the distance from 
the baffle to sound sources generated at a plural ity of sites on boundary 
surfaces by using the time from when I ight was generated unti I the reflected 
I ight was taken in; and uses that value as information for estimating the 
intensity of the sound from the sound source or sound source (s) generated 
at one or more sites on boundary surfaces. 

Furthermore, the system can be such that the arithmetic-processing 
apparatus performs image processing on the area of the imaging range of 
the I ight-recei ving elements that overlap, and automatical ly measures the 
distance to the sound source or sound source (s) generated at one or more 
sites on boundary surfaces. 



(Pg. 5) 

The system can also be such that there is a plural ity of baffles; and 
the arithmetic-processing apparatus finds; the distance from one of the 
baffles to the sound source or sound source (s) generated at one or more 
sites on boundary surfaces and/or the direction from which the sound comes; 
the distance from another baffle to the sound source or sound source (s) 
generated at one or more sites on boundary surfaces and/or the direction 
from which the sound comes: and the positional relationship between the 
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baffles; after which, based on this information, uses the theory of 
tri angulation to find the distance to the sound source or sound source (s) 
generated at one or more sites on boundary surfaces. 

Moreover the system can be such that one or more sate 1 1 ite microphones 
are arranged at locations separated from the surface of the baffle; and 
where the arithmetic-processing apparatus uses the sound picked up by the 
plurality of satellite microphones to find the direction from which the 
sound comes and/or intensity of the sound from the sound source. 

Furthermore, the system can be such that the baffle is installed at 
the top of a long member such that it is held at a specified height above 
the ground. 

In the sound-source search system of this invention, a plural ity of 
microphones are arranged on the surface of a spherical, semi-spher ical or 
polyhedral baffle to pick up sound from all directions, and after an 
arithmetic-processing apparatus finds through arithmetic processing the 
amplitude characteristics and phase characteristics of the acoustic 
signals pi eked up by the p I ur a I i ty of m i cr ophones, i t comb i nes that s i gna I 
i nf ormat i on w i th ana I ys i s i nf ormat i on for the sound field around the baf f I e, 
and together with performing arithmetic processing for emphasizing sound 
coming from a specific direction for all directions, and identifying the 
direction from which the sound from the sound source comes, based on the 
ar i thmet i c process i ng r esu I ts and d i stances i nput from the i nput apparatus, 
it is able to estimate the intensity of the sound from the sound source 
or sound sources generated at a plurality of sites on boundary surfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a drawing for explaining the basic construction of a first 
embodiment of the sound-source-search system of the invention. 

Fig. 2 is a drawing for explaining the sound-source-search method of 
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the sound-source-search system shown in Fig. 1. 

Fig. 3 is a drawing for explaining the sound-source-search method of 
the sound-source-search system shown in Fig. 1. 

Fig. 4 is a drawing showing an example of the sound intensity 
distribution shown on the first display apparatus. 

Fig. 5 is a drawing showing a second embodiment in which one or more 
sound-source elements for measuring distance are added to the baffle shown 
in Fig. 1. 

Fig. 6 is a drawing showing a third embodiment in which one or more 
light-receiving elements are added to the baffle shown in Fig. 5. 

Fig. 7 is a drawing for explaining the operation of the one or more 
light-receiving elements shown in Fig. 6. 

Fig. 8 is a drawing showing an example of the image displayed in color 
on the display apparatus shown in Fig. 6. 

Fig. 9A, 9B and 9C are drawings showing an example of the image 
displayed in color on the display apparatus shown in Fig. 6. 

Fig. 10 is a drawing showing a fourth embodiment in which one or more 
light sources are added to the baffle shown in Fig. 6. 

Fig. 11 is a drawing for explaining a fifth embodiment in which the 
distances to sound sources or sound sources generated at one or more sites 
on the boundary surface are automatical ly measured by the I ight-receiving 
elements of the baffle shown in Fig. 6. 

Fig. 12 is a drawing showing a sixth embodiment in which two baffles 
as shown in Fig. 6 are used. 

Fig. 13 is a drawing showing a seventh embodiment in which one or more 
satellite microphones are located on the baffle shown in Fig. 1. 



(Pg. 7) 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the invention will be explained below. 
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(First Embodiment) 

Fig. 1 is a drawing for explaining the basic construction of a first 
embodiment of the sound-source-search system of this invention; Fig. 2 and 
Fig. 3 are drawings for explaining the sound-source-search method by the 
sound-source-search system shown in Fig. 1 ; and Fig. 4 is a drawing showing 
an example of the sound intensity distribution that is displayed on the 
display apparatus shown in Fig. 1. 

The sound-source-search system shown in Fig. 1 comprises a baffle 10, 
microphones 11, amp 20, A/D converter 30, ar ithmetic-processing apparatus 
40, memory apparatus 50, display apparatus 60, and input apparatus 70. It 
is possible for the arithmetic-processing apparatus 40, memory apparatus 
50, display apparatus 60 and input apparatus 70 to be constructed using 
an electronic device such as a notebook computer or desktop computer. 

The baffle 10 is spherical. Also, the baffle 10 is installed at the 
top of a long member (not shown in the figure) such as a pole such that 
it is kept at a specified height from the ground plane. 

A plural ity of microphones 11 is arranged on the surface of the baffle 
10. It is possible to use dynamic microphones or condenser microphones 
as the microphones 11. 

By placing the plurality of microphones 11 on the spherical baffle 
10 in this way, it becomes possible to pick up sound uniformly in all 
directions. The bu i It- in main unit (not shown in the figure) such as the 
pre-amp (not shown in the figure) for the microphones 1 1, and the microphone 
cables 11a that are connected to the main unit are installed inside the 
baffle 10. 

The radius of the baffle 10 shown in Fig. 1 is about 130 mm. Also, 
in this embodiment, the number of microphones 11 placed on the baffle 10 
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is 17. However, the number of microphones 11 can be the minimum number 
necessary to correspond to the dimensions for searching for a sound source, 
and it is possible to use 2 microphones when searching for a sound source 
in one dimension, 3 microphones when searching for a sound source in two 
dimensions, and 4 microphones when searching for a sound source in 3 
dimensions. In this embodiment, in order to improve precision and 
stability of the results of the sound-source search, 17 microphones are 
used. 

(Pg. 8) 

By installing the built-in main unit (not shown in the figure) such 
as the pre-amp (not shown in the figure) for the microphones 11, and the 
microphone cables 11a that are connected to the main unit on the inside 
of the spherical baffle 10 in this way, it is possible to suppress 
disturbances in the sound field around the baffle 10, and thus it becomes 
possible to accurately pick up sound from the sound source. 

Also, coordinates that indicate the position of each microphone 11 
on the baffle 10 in three dimensions (x, y, z) are set, and they are used 
when the ar i thmet i c-process i ng apparatus 40 performs ar i thmet i c oper at i ons 
in the sound-source search. By doing so, it becomes possible to identify 
from which microphone 11 a picked up sound is coming from. 

The amp 20 is an amp I if ier that amp I if ies the analog signals that are 
electrical signals of the sounds obtained in a 1 1 directions by each of the 
microphones 11. The microphone cables 11a from each of the microphones 
11 are connected to the amp 20. Here, there is an insert port corresponding 
to the coordinates of each of the microphones 11 described above, so when 
connect i ng the m i crophone cab I es 11a of the m i crophones 11, the m i cr ophone 
cables 11a are inserted into and connected to the respective insert ports. 
The A/D converter 30 converts the analog signal that was amp I if ied by the 
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amp 20 to a digital signal. 

The arithmetic-processing apparatus 40 performs operations on the 
digital signal converted by the A/D converter 30, and searches for the sound 
source by processing sound information picked up by each of the microphones 
11 inclusively and as a whole. Here, the sound-source search is analyzing 
the direction from which the sound arrives from the sound source, and 
estimating the intensity of the sound from the sound source. The 
sound-source search will be explained in detail later. 

(Pg. 9) 

The memory apparatus 50 stores the results of the arithmetic 
processing by the arithmetic-processing apparatus 40. As the memory 
apparatus 50, it is possible to use a magnetic-tape memory apparatus that 
uses magnetic tape as the recording medium, or an optica I -disk memory 
apparatus that uses an optical disk as the recording medium. The display 
apparatus 60 displays the sound intensity distribution of the sound from 
the sound source based on the arithmetic processing results from the 
arithmetic-processing apparatus 40. The input apparatus 70 is used for 
entering the distance to the sound source or to sound sources generated 
at a plural ity of sites on boundary surfaces such as wal Is in a room. It 
i s poss i b I e to use a keyboard, touch pane I or the I i ke as the i nput apparatus. 
However, in the case where the purpose is to analyze the direction from 
which the sound comes, and calculate the acoustical contribution on the 
location of the baffle, and is not to estimate the intensity of the sound, 
it is possible to eliminate the input apparatus 70. 

Next, the method for performing the sound-source search will be 
explained. 



The search for a sound source can be performed in either a large space 
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or a small space. In a large space, it is preferable that there be no 
obstacles between the baffle 10 and the sound source being searched for; 
for example, in a location where a large number of people may congregate, 
the baf f I e 1 0 shou I d be set at a h i gh I ocat i on where i t over I ooks the ent i r e 
space; or in a location such as an airport, the baffle 10 should be set 
in a location where no bui Idings or structures wi 1 1 become obstacles. On 
the other hand, in a small space such as indoors or inside a vehicle, the 
baffle 10 should be placed in a location where it can overlook the entire 
space. 

Also, as shown in Fig. 2, in the case of analyzing the direction from 
which the sound arrives from the sound source, analysis information for 
the sound field, which includes direct or diffracted sound around the baffle 
10, is entered i nto the ar i thmet i c-pr ocess i ng apparatus 40. I n th i s state, 
each of the microphones 11 picks up the sound from the sound source. Here, 
when picking up the sound from the sound source, sound is basical ly picked 
up by each of the microphones 11 at the same time. Also, with a specified 
microphone as a reference, it is possible to pick up the sound in the order 
of the coord i nates ment i oned above, or to p i ck up the sound w i th a p I ur a I i ty 
of microphones together, or to pick up the sound randomly at the same time 
as the reference microphone. However, the condition when not recording 
the sounds from a 1 1 of the microphones at the same time is that the sound 
from the sound source must not change over time. 

(Pg. 10) 

At this time, the sound from a 1 1 directions obtained by way of each 
of the m i crophones 1 1 enters the amp 20 as ana I og s i gna I s, and those s i gna I s 
are amplified by the amp 20 and output. The analog signals that are 
amp I i f i ed by the amp 20 are converted to d i g i ta I s i gna I s by the A/D converter 
30 and then taken in by the arithmetic-processing apparatus 40. 
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In the arithmetic-processing apparatus 40, analysis of the sound 
picked up by each of the microphones 11 is performed by arithmetic 
processing. In this case, the amplitude characteristics and phase 
characteristics of each of the acoustic signals picked up by each of the 
microphones 11 are found by arithmetic processing. Also, after these 
amplitude characteristics and phase characteristics have been found, 
analysis information for the sound field around the baffle 10 described 
above is added, and arithmetic processing, which emphasizes the sound 
coming from a specified direction, is performed in a 1 1 directions, making 
it possible to identify through arithmetic processing the direction from 
which the sound from the sound source comes. 

Next, when estimating the intensity of the sound from the sound source, 
the distance d to the sound source shown in Fig. 2 is entered into the 
arithmetic-processing apparatus 40 from the input apparatus 70. At this 
time, the direction from which the sound from the sound source comes and 
the sound pressure are identified by the arithmetic-processing apparatus 
40 as described above, so it is possible to estimate the intensity of the 
sound from the sound source through arithmetic processing from these 
ar i thmet i c process i ng resu I ts and the d i stance d to the sound source. When 
estimating the intensity of the sound from the sound source, by adding the 
distance d to the sound source to the conventional frequency domain beam 
forming method, it is possible to more accurately estimate the intensity 
of the sound from the sound source. 

In this example, the case was explained in which, after analysis of 
the direction from which the sound from the sound from the sound source 
comes is finished, the distance d to the sound source used for estimating 
the intensity of the sound from the sound source is input to the 
arithmetic-processing apparatus 40 from the input apparatus 70, however, 
of course it is also possible to enter the distance d to the sound source 
into the arithmetic-processing apparatus 40 from the input apparatus 70 
before starting the sound-source search. 
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(Pg. 11) 

Also, in this example, as shown in Fig. 2. the case of analyzing the 
direction from which the sound from one sound source comes, and estimation 
of the intensity of the sound from one sound source was explained, however, 
as shown i n F i g. 3, i n the case of ana I yz i ng the d i r ect i ons from wh i ch sound 
comes from a plurality of sound sources generated at sites on boundary 
surfaces such as wal Is in a room, and estimating the intensity of the sound 
sources at each of these sites, it is possible to enter distances dl to 
d4 to the sound sources a to d at these sites. 

After analyzing the direction from which the sound from the sound 
source comes and estimating the intensity of the sound from the sound source 
by arithmetic processing by the arithmetic-processing apparatus 40 as 
described above, the results of the arithmetic process are displayed in 
co I or by the d i sp I ay apparatus 60 as the sound- i ntens i ty d i str i but i on. F i g. 
4 shows an example of the sound- intensity distribution that is displayed 
by the display apparatus 60. In Fig. 4, the size of the sound intensity 
is indicated, for example, by a to f (a>f>c>d>e>f). 

In this first embodiment, a plural ity of microphones 11 are arranged 
on the surface of a spherical baffle 10 and sound is picked up from all 
directions in this way, and after the amp I itude characteristics and phase 
character istics of each of the acoustic signals picked up by the plural ity 
of microphones 11 are found through arithmetic processing by the 
arithmetic-processing apparatus 40, that signal information is combined 
with the analysis information for the sound field around the baffle, and 
arithmetic processing to emphasize the sound coming from a specific 
direction is performed for all directions, and together with identifying 
the direction from which sound from the sound source comes through 
arithmetic processing, the intensity of the sound from the sound source 
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or from sound sources generated at a plurality of sites on boundaries is 
estimated from the arithmetic processing results and the distance entered 
from the input apparatus 70, so regardless of whether or not the space is 
small, it is possible to identify the direction from which the sound from 
the sound source comes, and estimate the intensity of the sound from the 
sound source at the same time in all directions. 

(Pg. 12) 

Also, in this first embodiment, set up work is very easy since it 
requires just setting a baffle 10 having a plurality of microphones 11 
instal led in place, and then connecting the microphone cables 11a from the 
microphones 11 to the amp 20. 

In this first embodiment, the case where the baffle 10 was spherical 
was explained, however, the invention is not limited to this example, and 
it is possible for the baffle 10 to be semi-spher ical or polyhedral. Any 
one of the cases is possible as long as analysis information for the 
diffracted sound around the baffle 10 can be obtained in some form. In 
this way, even when the baffle 10 is semi-spher ical or polyhedral, the 
microphones 11 are built-in the baffle, so it is possible to suppress 
distortion in the sound field around the baffle 10, and thus it is possible 
to perform the sound-source search accurately. 

Also, the material used for the baffle 10 can be any material, such 
as stainless steel, aluminum a I loy, copper a 1 1 oy or the like, that retains 
sufficient strength after a plural ity of microphones 11 has been bui It in. 
It is possible to perform pol ishing or roughing of the surface of the baffle 
10. and it is also possible to attach sound absorption material. In any 
case, as long as it is possible to obtain analysis information for 
diffracted sound around the baffle 10 due to the shape or material of the 
baffle 10, it is possible to accurately analyze the direction from which 
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the sound from the sound source comes, and estimate the intensity of the 
sound source even though the shape and material of the baffle 10 may differ. 

(Second Embodiment) 

Fig. 5 is a drawing showing a second embodiment in which one or more 
sound source elements for measuring distance are added to the baffle 10 
shown in Fig. 1. In the drawing explained below, the same reference numbers 
are used for parts that are in common with those of Fig. 1 to Fig. 3, and 
any redundant explanation will be omitted. 

In this second embodiment shown in Fig. 5, there are one or more 
sound-source elements 12 for measuring distance placed on the surface of 
the baffle 10 and they generate sound waves. It is possible to use 
directive or non-directive acoustical speakers or ultrasonic speakers as 
the sound-source elements 12 for measuring distance. 

(Pg. 13) 

With this kind of construction, sound waves are generated from the 
sound-source elements 12 for measuring distance, and the reflected waves 
of those waves are picked up by each of the microphones 11, and then after 
the amplitude characteristics and phase characteristics of each of the 
reflected waves picked up by each of the microphones 11 have been found 
through arithmetic processing by the arithmetic-processing apparatus 40, 
that signal information is combined with the analysis information for the 
sound field around the baffle 10, and by adding the time from when the sound 
waves are generated unti I the reflected waves are picked up together with 
performing arithmetic processing to emphasize the sound coming from a 
specif ied direction in all directions, and identify ing the di rect ion from 
which sound from the boundary surfaces comes from through arithmetic 
processing, it is possible to automatically measure the distance to the 
sound source or to sound sources generated at a plurality of sites on the 
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boundary surfaces. 

By automatically measuring the distance to the sound source or one 
or more sound sources generated at a plural ity sites on boundary surfaces 
i n th i s way, not on I y is it poss i b I e to more accurate I y ana I yze the d i r ect i on 
from which the sound from the sound source comes and estimate the intensity 
of the sound from the sound source, but it is also possible to gain a better 
understanding beforehand of buildings, obstacles, mountains near the 
observed area, or the shape and location inside a vehicle or room. 

Moreover, by analyzing the reflected sound characteristics such as 
the direction from which a test sound generated by a sound-source element 
1 2 for measur i ng d i stance and i ts r ef I ected sound comes for every d i rect i on, 
i ntens i ty , and phase, i t becomes poss i b I e to a I so i nvest i gate the acoust i cs 
such as the reverberation time at that place and the echo time pattern. 

It is also possible to use a test wave having a specific frequency 
as the sound wave from the sound-source element 12 for measuring distance, 
and it is also possible to use random noise, pseudo random noise, an 
M-sequence signal, a frequency-sweep signal, or the like to perform 
arithmetic processing and automatically measure the distance to sound 
sources at one or more sites. After measuring the distance to the sound 
source or sound sources generated at a plural ity of sites on the boundary 
surfaces in this way, it is possible to more accurately analyze the 
direction from which sound from the sound source comes, and estimate the 
intensity of the sound from the sound source. 

(Third Embodiment) 

Fig. 6 is a drawing showing a third embodiment in which one or more 
light-receiving elements are added to the baffle 10 shown in Fig. 5. 



In this third embodiment shown in Fig. 6, one or more I ight-recei ving 
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elements 13 are arranged on the surface of the baffle 10. It is possible 
to use a camera such as a CCD camera compr i s i ng a CCD (Charge Coup I ed Dev i ce) 
and I ens, a I aser-rece i v i ng e I ement, i nf rared-ray-rece i v i ng e I ement or the 
like as the light-receiving element 13. 

In the case of a camera as the light-receiving element 13, it is 
preferred that each light-receiving element 13 be placed such that its 
imaging range overlaps that of the adjacent I ight-recei ving elements. In 
other words, as shown in Fig. 7, by having the light-receiving element 13 
take an image of the image range X and Y, and the other adjacent 
light-receiving element 13 take an image of the image range Y and Z, the 
image ranges Y overlap. 

With this kind of construction, since a plural ity of I ight-recei ving 
elements 13 are arranged on the surface of the baffle 10 such that the image 
ranges overlap, it is possible to automatical ly take in an image of around 
the sound source or sound sources generated at a plural ity of sites on the 
boundary surfaces that correspond to the direction from which a specific 
sound comes, and to display that obtained image in color by the display 
apparatus 60. Fig. 8 shows an example of the image displayed by the display 
apparatus 60. 

Moreover, it is possible to combine and display the image of the 
sound- intensity distribution shown in Fig. 4 with the image shown in Fig. 
8. In that case, by selecting the area indicated by the dotted line in 
the image shown in Fig. 9A corresponds to the image shown in Fig. 4, the 
image corresponding to that selected area is obtained as shown in Fig. 9B, 
and the sound- intensity distribution of the area selected in Fig. 9A is 
combined with the image shown in Fig. 9B as shown in Fig. 9C and displayed. 

By automatically taking images with the light-receiving elements 13 
in this way, in addition to the effects described above, it is possible 
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to display the direction from which the sound comes and/or the sound- 
intensity distribution, and thus it becomes easy to visually grasp those 
distr i but ions. 

(Pg. 15) 

When a I aser-rece i v i ng e I ement, i nf rared-ray-rece i v i ng e I ement or the 
I ike is used as the I ight-recei ving element 13, they are effectively used 
in a fourth embodiment described below. 

(Fourth Embodiment) 

Fig. 10 is a drawing showing a fourth embodiment in which a plural ity 
of light sources is added to the baffle 10 shown in Fig. 6. 

In this fourth embodiment shown in Fig. 10, a plurality of light 
sources 14 is arranged on the surface of the baffle 10. It is possible 
to use CCD-camera lighting, a laser pointer, a laser range finder, strobe 
or the like as the light source 14. 

When a I ight source having sharp directivity such as a laser pointer 
is used in this kind of construction, it is possible to accurately set the 
installation location of the baffle even when installing the baffle in 
difficult locations. 

When a range finder such as a laser range finder is used in this kind 
of construction, light is emitted from the light source 14, and the 
reflected I ight of that I ight is received by the I ight-receiving unit 13, 
making it possible to automatically measure the distance to the boundary 
surface, which can be the baffle or sound source. 

Also, by using the light generated by the light source 14, it is 
possible to I ight up the area of the sound source or sound sources generated 
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at a plural ity of sites on the boundary surfaces, so even in an area with 
dim I ighting, it is possible to take good images with the I ight-receiving 
elements 13. 

When a strobe I ight source is used as the I ight from the I ight source 
14, by sh i n i ng a I i ght onto a rotat i ng body and keep i ng the f I ash i ng per i od 
of the I i ght from the I i ght source 1 4 constant, then by measur i ng the per i od 
when the rotat i ng f I ash i ng per i od and rotat i on eye I e match and the rotat i ng 
body appears to be sti 1 1, it is possible to remotely measure the speed of 
the rotat ing body. Also, similarly, when the flashing per iod of the I ight 
is constant and it is shown onto a vibrating surface, using the theory of 
the stroboscope, it becomes possible for the light-receiving elements 13 
to observe the vibration state of a boundary surface, which is the sound 
source. 

(Pg. 16) 

(Fifth Embodiment) 

Fig. 11 is a drawing explaining a fifth embodiment in which the 
light-receiving elements 13 shown in Fig. 6 automatically measure the 
distance to the sound source or sound sources generated at a plural ity of 
sites on the boundary surfaces. 

In this fifth embodiment shown in Fig. 11, simi lar to as was explained 
above, after images have been automatical ly taken by the I ight-recei v ing 
elements 13, the images where the imaging range of adjacent I ight-receiving 
elements 13 overlap are processed, and the distance to the sound source 
or sound sources generated at a plural ity of sites on the boundary surfaces 
is automatically measured. By having the light-receiving elements 13 
automatically take images in this way and then having the arithmetic- 
processing apparatus 40 process the image of the overlapping area, and 
automatically measure the distance to the sound source, then similar to 
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as was described above, it becomes possible to accurately estimate the 
intensity of the sound from the sound source or sound sources generated 
at a plurality of sites on the boundary surfaces. 

(Sixth Embodiment) 

Fig. 12 is a drawing showing a sixth embodiment in which, as an example 
of having a plurality of the baffles 10 shown in Fig. 6, two baffles 10 
are used. 

In this sixth embodiment shown in Fig. 12, by having two baffles 10, 
through arithmetic processing by the arithmetic-processing apparatus 40, 
it is possible to obtain the distance from one baffle 10 to the sound source 
and/or the d i rect i on from wh i ch the sound comes, the d i stance from the other 
baffle 10 to the sound source and/or direction from which the sound comes, 
and the positional relationship between the pair of baffles 10. Also, 
based on that information, the distance to the sound source is even more 
accurate I y measured accord i ng to the theory of tr i angu I at i on, and of course, 
it is possible to more accurately measure the intensity of the sound from 
the sound source; and compared with the case of using only one baffle, when 
the number of microphones used is increased, the range of received sound 
is expanded, and it becomes possible to greatly improve the precision of 
the sound-source search. 

(Pg. 17) 

(Seventh Embodiment) 

Fig. 13 is a drawing showing a seventh embodiment in which a plural ity 
of satellite microphones is located on the baffle 10 shown in Fig. 1. 

In this seventh embodiment shown in Fig. 13, a plural ity of satel I ite 
microphones 1 1 A is arranged on the baffle 10. 
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By arranging a plurality of satellite microphones 1 1 A on the baffle 
10 in this way, in addition to the bui It-in microphones on the baffle 10, 
the arithmetic-processing apparatus 40 is able to use acoustic information 
from the sate 1 1 ite microphones in the sound-source search. As in the case 
of the microphones arranged on the baffle 10, it is preferred that the 
acoustic information from the sate 1 1 ite microphones 1 1 A be used in a form 
in which analysis information about the diffracted sound around the baffle 
10 has been added. The satellite microphones 11A are located further 
outside than the baffle 10, and have the effect of virtually increasing 
the size of the baffle 10 without having to change the size of the baffle 
10. Since the number of microphones that can be used in the sound-source 
search is increased, it becomes possible to greatly increase the precision 
of the sound-source search. 

In this seventh embodiment, the case of placing a plurality of 
sate 1 1 i te m i crophones 1 1 A around the baf f I e 1 0 shown i n F i g. 1 was exp I a i ned, 
however, the invention is not limited to this example, and of course it 
is also possible to place a plural ity of sate 1 1 ite microphones 11A around 
the baffle 10 shown in Fig. 5, Fig. 6, Fig. 10 or Fig. 12. Naturally, it 
is also possible to replace the microphones on the baffle completely with 
sate 1 1 ite microphones. 

(Pg. 18) 

Industrial Appl icabi I ity 

With the sound-source search system of this invention as described 
above, one or more microphones are arranged on and/or near the surface of 
a spherical, semi-spher ical or polyhedral baffle to pick up sound from a 1 1 
directions, and after an arithmetic-processing apparatus identifies the 
d i rect i on from wh i ch sound comes through ar i thmet i c process i ng that focuses 
on the amp I itude characteristics and phase characteristics of the acoustic 
signals picked up by the plurality of microphones, the intensity of the 
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sound from the sound source or sound sources generated at a plurality of 
sites on boundary surfaces is estimated from the arithmetic processing 
results and distances entered from an input apparatus or measured by 
sound-source, light-source or image processing, so regardless of whether 
or not the space is small, it is possible to identify the direction from 
which sound from the sound source comes, and to estimate the intensity of 
the sound source in all directions at the same time. 

WHAT IS CLAIMED IS: 

1. A sound-source search system comprising: 

a spherical, semi-spher ical or polyhedral baffle; 

a plural ity of microphones that are arranged on the surface of said 
baffle for picking up sound in all directions; 

an amp that amplifies analog signals, which are electrical signals 
for the sounds in a 1 1 directions that were picked up by said plural ity of 
microphones; 

an A/D converter that converts the analog signals that were amp I if ied 
by said amp to digital signals; 

an arithmetic-processing apparatus that performs arithmetic 
processing on the digital signals that were converted by said A/D converter, 
and ana I yzes the d i r ect i on from wh i ch the sound from the sound source comes, 
and/or estimates the intensity of the sound from the sound source; 

a memory apparatus for storing the results of the arithmetic 
processing by said arithmetic-processing apparatus; 

a display apparatus that displays the intensity distribution of the 
sound from the sound source based on the results of the arithmetic 
processing by said arithmetic-processing apparatus; and 

an input apparatus for entering the distance to the sound source, or 
sound sources generated at a plural ity of sites on boundary surfaces; and 
wherein 

said arithmetic-processing apparatus, by arithmetic processing, 
finds the amplitude characteristics and phase characteristics of each of 
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the acoust i c s i gna I s p i eked up by sa i d p I ura I i ty of m i crophones, after wh i ch 
i t comb i nes that s i gna I i nf ormat i on w i th ana I ys i s i nf ormat i on for the sound 
field around said baffle, and together with performing arithmetic 
processing to emphasize the sound coming from a specific direction for all 
directions, and identifying the direction from which the sound comes, it 
estimates the intensity of the sound from the sound source or sound 
source (s) generated at one or more of sites on boundary surfaces based on 
the arithmetic-processing results and di stance (s) input from said input 
apparatus. 

2. The sound-source-search system of claim 1 further comprising one 
or more directive or non-directive sound-source elements that generate 
sound waves and that are arranged on the surface of said baffle; wherein 

said arithmetic-processing apparatus, by arithmetic processing, 
finds the amplitude characteristics and phase characteristics of each of 
the reflected sounds that are picked up by said plural ity of microphones, 
after which it combines that signal information with analysis information 
for the sound field around said baffle, and together with performing 
arithmetic processing to emphasize the sound coming from a specific 
d i r ect i on f or a 1 1 d i rect i ons, and i dent i f y i ng the d i rect i on from wh i ch the 
reflected sound comes, automatical ly measures the distance from the baffle 
to the sound source or sound source (s) generated at one or more sites on 
boundary surfaces by using the time difference from when the test sound 
was generated to when the reflected sound was picked up; and uses that value 
as information for estimating the intensity of the sound from the sound 
source or sound source (s) generated at one or more sites on boundary 
surfaces, and/or estimating the intensity of the sound reflected from that 
area. 

3. The sound-source-search system of claim 1 or claim 2 further 
comprising one or more light-receiving elements that are arranged on the 
surface of said baffle such that the imaging ranges overlap; and wherein 
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said arithmetic-processing apparatus takes in the image from said one 
or more light-receiving elements that corresponds to the direction from 
which said specific sound comes, and combines and displays the image of 
the arrival direction and/or intensity of the sound distribution found 
through said arithmetic processing with that image or the result of image 
processing based on that image. 

4. The sound-source-search system of claim 3 further comprising one 
or more I ight sources that are arranged on the surface of said baffle; and 
wherein 

said arithmetic-processing apparatus automatically measures the 
distance from said baffle to sound sources generated at a plural ity of sites 
on boundary surfaces by using the time from when I ight was generated unti I 
the reflected light was taken in; and uses that value as information for 
estimating the intensity of the sound from the sound source or sound 
source (s) generated at one or more sites on boundary surfaces. 

5. The sound-source search system of claim 3 or claim 4 wherein 
said ar ithmet ic-processing apparatus performs image processing on the 

area of the imaging range of said light-receiving elements that overlap, 
and automatically measures the distance to the sound source or sound 
source (s) generated at one or more sites on boundary surfaces. 

6. The sound-source-search system of any one of the claims 1 to 5 
comprising a plurality of said baffles; and wherein 

said arithmetic-processing apparatus finds: the distance from one of 
the baffles to the sound source or sound source (s) generated at one or more 
sites on boundary surfaces and/or the direction from which the sound comes; 
the distance from other said baffle to the sound source or sound source (s) 
generated at one or more sites on boundary surfaces and/or the direction 
from which the sound comes; and the positional relationship between said 
baffles; after which, based on this information, uses the theory of 
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tr i angulation to find the distance to the sound source or sound source (s) 
generated at one or more sites on boundary surfaces. 

7. The sound-source-search system of any one of the c I a i m 1 to 6 further 
compr i s i ng one or more sate 1 1 i te m i crophones that are ar ranged at I ocat i ons 
separated from the surface of said baffle; and wherein 

said arithmetic-processing apparatus uses the sound picked up by said 
plurality of satellite microphones to find the direction from which the 
sound comes and/or intensity of the sound from the sound source. 

8. The sound- source-search apparatus of any one of the claims 1 to 7 wherein said 
baffle is installed at the top of a long member such that it is held at a specified height 
above the ground. 
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Abstract 

It is possible to simultaneously identify the sound coming direction from a sound 
source in all directions and estimate the sound intensity of the sound source. A plurality 
of microphones (11) are arranged on the surface of a baffle (10) of a shape such as a 
sphere and polyhedron so that sound from all directions are acquired. A calculation 
device (40) calculates the amplitude characteristic and the phase characteristic of 
acoustic signals acquired by the microphones (11). The signal information and 
information on sound field analysis around the baffle are integrated and calculation to 
emphasize a sound coming from a particular direction is performed for all the directions 
so as to identify the sound coming direction from a sound source. According to these 
calculation results and the distance input by an input device (70), it is possible to 
estimate the sound intensity of the sound source at a plurality of portions generated at 
the sound source or boundary surface. 
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Explanation of Reference Numbers 

10 Baffle 

11 Microphone 

11A Satellite microphone 
11a Microphone cable 

12 Sound-source element for measuring distance 

13 Light-receiving element 

14 Light source 
20 Amp 

30 A/D converter 

40 Arithmetic-processing apparatus 
50 Memory apparatus 
60 Display apparatus 
70 Input apparatus 
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